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INTEGRATION OF AN ANALYSIS INTO THE 
FEATURES OF A MODEL OF AN OBJECT 

Technical Field 

5 The present invention relates generally to computer systems and more 

particularly to the integration of an analysis into the features of a computer-aided design 
model of an object. 

Background of the Invention 

10 Computer-aided design (CAD) refers to the use of computers to assist designers 

in the designing of a product. The designer uses a CAD system to identify the geometry 
and other critical characteristics of the product. Most conventional CAD systems create 
models of the products that capture the geometric characteristics of the product, such as 
the geometry of the product. Such models are provided in a number of different 

15 varieties. "Feature-based models" represent products as combinations of "features." A 
"feature" is a set of data and procedures for generating shape or characteristic of a 
product that can be associated with certain attributes and knowledge about the product. 
In general, features serve as the building blocks for product modeling. 

Some conventional CAD systems generate "parametric models." Parametric 

20 models represent models as sets of procedures having input parameters such as 

dimension values and output geometry. A parametric model stores a procedure for 
constructing the computer model of a product. In parametric models, the procedure for 
constructing the product may be viewed as a sequence of assignments to model variables 
as a function of input parameters for parametric equations. To create parametric 

25 variations, the construction procedure is reevaluated after changing the values of the 
input parameters (such as dimension values). This general definition of "parametric 
models" includes "variational models" or "variable-driven models" generated by some 
conventional CAD systems. 

As part of the design of a product, it is often necessary to perform analysis, such 

30 as engineering analysis, on the model of the product. Often, separate application 
programs are run to perform analysis on a product. The designer must then view the 
analysis and manually make appropriate changes to the model to obtain the desired 
analysis results. Some conventional CAD programs provide some analysis tools in the 
CAD package. In such cases, the analysis results are not integrated into the model but 

35 rather exist as separate data in the CAD package. As a result, it is often difficult for a 
designer to work with the model and the engineering analysis simultaneously. 
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Summary of the Invention 

The present invention addresses the limitations of conventional CAD systems by 
integrating analyses into the models of products. In particular, the present invention 
5 captures an analysis inside the feature mechanism to generate reproducible referenceable 
parameters and/or geometric entities that describe the results of the analysis. In one 
embodiment of the present invention, an analysis is represented as a feature that is part 
of a model of a product. Because the analysis is integrated into the feature-based model, 
when a change in the model that requires updating of the analysis occurs, the analysis is 

10 automatically updated and the associated feature is updated. In this embodiment of the 
present invention, a new type of feature is defined to represent an analysis, such as an 
engineering analysis. This feature serves as a placeholder for such analysis. 

In accordance with another aspect of the present invention, a method is practiced 
in a computer-aided design (CAD) system. In accordance with this method, a feature- 

1 5 based model of an object is provided, along with an analysis for acting on at least a 
portion of the model. A feature is created that contains the analysis, and the feature is 
added to the model of the object. The analysis may be an engineering analysis, for 
example. The results of the analysis may be used to determine the values of parameters 
and the position of some geometric entities within the model. 

20 In accordance with a further aspect of the present invention, an analysis is 

performed within a feature of a feature-based model of an object to yield results. An 
analysis feature is created based on the results. The model is modified so that when the 
analysis is performed again on the model, new results are yielded. The feature is 
automatically updated based on the new results. 

25 In accordance with yet another aspect of the present invention, a CAD system 

includes an analysis for application to at least a portion of a feature-based model of an 
object to yield results. The CAD system also includes a feature generator for generating 
features for the model, including at least one feature that contains the analysis. 

In accordance with an additional aspect of the present invention, a parametric 

30 feature-based model of an object is provided in a computer system. An analysis is also 
provided in the computer system. The analysis is applied to the parametric feature- 
based model to produce results. Based on the analysis and the results, a determination is 
made whether the parametric feature-based model satisfies a requirement. The 
requirement may be, for example, an engineering requirement. Then, based on the 

35 results of this determination, the system automatically performs some action. 

The action that is automatically taken based on the results of the determination 
may vary depending upon the application. Suppose that an analysis is applied when the 
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input parameters to the model are changed, resulting in the updating of the model. The 
updating of the model results in an updated analysis. A determination is made if the 
requirement is satisfied. If the requirement is not satisfied, the input parameters are 
changed and the process is repeated until this requirement is satisfied. In a second 
5 example, features are added or removed from the model. The analysis is performed and 
the determination is made if the requirement is satisfied. Features are added or removed 
until the requirement is satisfied. In a third instance, the user is notified based on the 
results of the determination and an action or a decision is requested from the user. 

In accordance with another aspect of the present invention, a method is practiced 

10 in a CAD system that has a parametric feature-based model of an object. In accordance 
with this method, an analysis is provided to be applied to the parametric feature-based 
model. The analysis is applied to the model multiple times with different values of 
selected parameters to produce results. At least one of the values for the selected 
parameter is chosen based on some criteria and the results from applying the analysis to 

1 5 the model multiple times. 

In accordance with a further aspect of the present invention, a computer system 
includes a feature-based model of an object. An analysis is provided for application to 
at least a portion of the model to yield results. A feature is created that references the 
analysis, and the feature is incorporated into the model without incorporating the 

20 analysis into the model. The computer system may run a CAD system. 

Brief Description of the Drawings 

An illustrative embodiment of the present invention will be described below 
relative to the following drawings. 
25 FIGURE 1 depicts a block diagram of a computer system that is suitable for 

practicing the illustrative embodiment of the present invention. 

FIGURE 2 depicts logical components of the CAD package of Figure 1 that are 
used in the illustrative embodiment. 

FIGURE 3 depicts a feature dialog box. 
30 FIGURE 4 depicts a hierarchy of elements in an example part. 

FIGURE 5 is a flow chart illustrating steps that are performed when the input 
parameters to the model change and the model is updated. 

FIGURE 6A depicts a first example of a geometric representation wherein a 
feature contains an analysis. 
35 FIGURE 6B depicts an updated geometric representation of the representation of 

Figure 6A. 
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FIGURE 7 depicts a flow chart illustrating the steps that may be performed to 
verify that a product meets engineering requirements in the illustrative embodiment of 
the present invention. 

FIGURES 8A and 8B illustrate two examples of an assembly to illustrate how an 
5 analysis may be used to verify that a design satisfies certain engineering requirements. 

FIGURE 9 is an example illustrating how an analysis may be used to identify 
optimal engineering requirement results or to identify that certain input parameters 
satisfy engineering requirements. 

10 Detailed Description of the Invention 

The illustrative embodiment of the present invention is realized as part of a 
CAD/CAM package, such as Pro/ENGINEER 2000i, which is sold by Parametric 
Technology Corporation of Waltham, Massachusetts. The illustrative embodiment 
provides the ability to integrate an analysis into a feature-based model. The analysis 

1 5 may be represented by a special type of feature in the model. In addition, additional 
features may be defined relative to the analysis feature. 

This integration provides the ability to capture requirements for a product in 
terms of the feature language of the model. The result is that an analysis can be 
captured inside a feature and subsequently used. For example, a feature can be defined 

20 to compute an analysis that identifies where the center of gravity of an object is. The 
result of this analysis identifies the center of gravity, and the feature may be defined to 
add a point or a coordinate system at the center of gravity. This integration provides a 
powerful mechanism for more closely tying the analysis to the modeling of the product. 
The illustrative embodiment will be described below relative to implementations 

25 concerning an engineering analysis. Nevertheless, those skilled in the art will appreciate 
that the present invention may also apply to other implementations when the analysis 
performs steps other than those typically found in the engineering analysis. 

The illustrative embodiment is described below relative to an implementation in 
a CAD/CAM package. Those skilled in the art may appreciate that the present invention 

30 may be implemented also with other types of software packages. The present invention 
may be implemented with a CAD package and more generally with other type of 
software that utilizes models of geometric objects (e.g. a graphical modeling program). 

In the illustrative embodiment, products or geometric object are represented by 
feature-based models. Each feature-based model contains a set of features that define 

35 components of the model. The features serve as the basic building blocks for the 
models. The features have knowledge of their environment and act predictably to 
change. The models are procedural parametric models such that the construction 
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sequences for the models are stored and maintained, and each feature has an associated 
procedure for implementing the feature. 

The encapsulation of an analysis within a feature greatly enhances the 
capabilities of the CAD system in the illustrative embodiment of the present invention. 
5 This encapsulation allows the CAD system to verify whether a design satisfies 

engineering requirements. In particular, engineering requirements may be specified as 
required values for the results of an analysis. The encapsulation also enables the CAD 
system to determine the values of input parameters to a parametric model such that the 
engineering requirements are satisfied. Alternatively, the encapsulation allows the CAD 
10 system to determine values of the input parameters to a parametric model such that the 
results of the analyses are optimal in some specified sense. 

For purposes of the discussion below it is helpful to define a few terms. 

A "model" refers to a representation of an object. 

The terms "feature-based model" and "parametric model" are used in the 

1 5 discussion below as defined above in the Background of the Invention. 

A "geometric object" refers to an entity that has an associated geometry. A "list 
of geometric objects" may include but is not limited to a list of points, coordinate 
systems, axes, planes, curves, surfaces, scalar fields and/or vector fields. 

Figure 1 depicts a block diagram of a computer system 10 that is suitable for 

20 practicing the illustrative embodiment of the present invention. Those skilled in the art 
will appreciate that the configuration of the computer system 10 shown in Figure 1 is 
intended to be merely illustrative and not limiting of the present invention. The 
computer system 10 may be realized as a network computer, a personal computer, a 
portable computer, a mini-computer, a mainframe computer, a workstation or other type 

25 of computer system. Moreover, the computer system 10 may be realized as a distributed 
computer system or as a tightly coupled multiprocessor system. 

The computer system 10 shown in Figure 1 includes a central processing unit 
(CPU) 12 for executing instructions and overseeing operation of the computer system. 
The computer system 10 may include a number of peripheral devices, such as a 

30 computer display 14, a keyboard 16, a mouse 18 and an audio output device 20. Those 
skilled in the art will appreciate that a different number of peripheral devices than shown 
in Figure 1 may be used to practice the present invention and that different types of 
peripheral devices than shown in Figure 1 may be used to practice the present invention. 
The computer system 10 may additionally include a network adapter 22 for interfacing 

35 with a computer network 24, such as a local area network (LAN). The computer system 
10 may also include a modem 26 for interfacing with telephone lines, cable lines or 
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wireless communication pathways so that the computer system may communicate with 
remote computing resources. 

The computer system 10 includes a storage 28, which may include both primary 
storage and secondary storage. The storage 28 may include computer-readable media 
5 such as floppy disks, optical disks, magnetic disks and the like. These media may be 
removable media or permanent media. The storage 28 holds application programs 30 
and the CAD package 34. The storage also holds a number of models 32 representing 
assemblies, parts, mechanisms and the like. 

Figure 2 depicts a couple of the logical components of the CAD package 34 that 

10 are of particular interest to the illustrative embodiment of the present invention. The 
CAD package 34 includes a feature generator 40 for generating features and editing 
features that are part of the models 32. The CAD package 34 also includes an analyzer 
42 for performing analyses. In general, the CAD package 34 provides a mechanism for 
a user to apply a number of different analyses to a model. Moreover, the user has the 

15 ability to custom define analyses as needed or use external applications to execute 
analyses. 

As mentioned above, the illustrative embodiment employs a feature-based 
model. Examples of features include extrusions, cuts, holes, slots, rounds and the like. 
Features are specified by setting values for attributes, such as reference planes, surfaces, 

20 direction of creation, pattern parameters, shape, dimensions and the like. The system 
specifies feature types and each instance of a feature of a given feature type must have a 
required set of attributes specified. The dialog box in Figure 3 illustrates the attributes 
values used for a feature "protrusion" that is generated by extruding a two-dimensional 
shape in some direction. The dialog box includes an element column 52 and an 

25 information column 54. The feature dialog box 50 includes separate rows 56, 58 or 60 
for the separate attributes. The value in the element column 52 identifies the nature of 
the attributes and the values in the information column 54 explain the values associated 
with the attribute. The "one side" depth option value in row 56 specifies that the 
location of the extruded feature is specified with respect to one side of the plane of the 

30 two-dimensional shape. The section information in row 58 orients the plane. The 

direction of feature creation is "defined" (see row 59), and the depth element is specified 
as a blind feature with a depth of 2.5 in row 60. 

The models for products are composed hierarchically such that each model is a 
sequence of features. The sequence corresponds with the sequence used in constructing 

35 the model. Figure 4 shows an example when a part 70 includes features 72, 73, 74, 76 
and 78. Feature 76 contains an analysis (i.e. an analysis is part of the features). Thus, 
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the analysis is directly integrated into the feature-based model mechanism of the 
illustrative embodiment. 

The CAD package 34 provides a menu that allows the creation of features. A 
dialog box like dialog box 50 shown in Figure 3 may be displayed to allow the designer 
5 to define features. The CAD package 34 also allows the designer to identify where the 
feature is positioned within the hierarchy for the model. In other words, the designer 
can choose where the feature fits within the tree that represents the model (see, for 
example, Figure 4). 

One benefit of integrating an analysis into a feature-based model is that a feature 

10 that contains the analysis is automatically updated by re-computing the analysis when 
the model changes. As shown in Figure 5, a feature is provided in a model that contains 
an analysis (step 1 00 in Figure 5). For example, suppose that a model has a geometric 
representation 1 10 as shown in Figure 6 A. The model contains a feature for a hole 112 
that is drilled at the center of gravity of the object. The location of the center of gravity 

15 is computed with an analysis feature which generates a point or a coordinate system at 
this location. The hole, which is also represented as a feature, is placed with respect to 
the point or coordinate system generated by the analysis feature. In a different 
implementation, the hole may be represented as a feature that contains the analysis for 
calculating the center of gravity. When the input parameters to the model change (step 

20 102 in Figure 5), the features of the model must be regenerated. Suppose that the model 
is changed to have the geometry of the geometric representation 110' shown in Figure 
6B. This change in the geometric representation 110 causes the center of gravity to 
change as well. Thus, when the drill hole is updated, the newly generated drill hole 1 12' 
is at the newly calculated center of gravity. Hence, as part of the updating the model, 

25 the analysis is again performed (step 104 in Figure 5), and the hole feature updates its 
placement accordingly (step 106 in Figure 5). This update is performed automatically 
by the CAD package without user prompting. 

Integration of the analysis into the feature-based model provides a number of 
capabilities. One of these capabilities is the ability to verify whether a design satisfies 

30 certain engineering requirements. In particular, as shown in the flow chart of Figure 7, 
the analysis may specify requirements for the results of the analysis (step 1 14 in Figure 
7). The analysis is performed (step 1 16 in Figure 7), and the results of the analysis 
verify whether the requirements are satisfied or not (step 1 18 in Figure 7). Based on the 
results of the verification the appropriate action is automatically taken (step 120 in 

35 Figure 7). 

Figures 8 A and 8B illustrate examples where the analysis may be used to verify 
whether engineering requirements are satisfied or not. In the example of Figure 8 A, an 
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assembly 131 includes a sub-assembly 130 that moves relative to the rest of the 
assembly. A motion envelope 134 captures the range of motion of the sub-assembly 
130. The analysis may be utilized to identify the motion envelope 134. The analysis 
may also determine whether this motion envelope 134 interferes with structure 132 in 
5 the assembly 131. In the example shown in Figure 8A there is no interference. 

However, in the example shown in Figure 8B, the moving sub-assembly 130' is larger 
and will interfere with structure 132 in the assembly 13 1\ The motion envelope 134' 
intersects with the structure 132 and indicates that the sub-assembly will interfere with 
another portion of the assembly 131'. The analysis may be utilized to make such a 

1 0 determination. The results of such determination may then be used to take the 

appropriate action such that the conditions of Figure 8B change to those of Figure 8 A 
and the engineering requirements are satisfied. 

The analysis and the results of the analysis may also be used to choose a best 
result or to choose whether results can fulfill certain engineering requirements. In the 

1 5 example depicted in Figure 9, a circular part has an input parameter that specifies a 
radius of the circle part. Three input parameter choices are represented by circles 140, 
142 and 144. A separate instance of an analysis 146, 146' and 146" is applied to each of 
the respective choices 140, 142 and 144 to yield scored results. These results may then 
be processed to determine the best scoring or optimal results according to the criteria 

20 chosen. In this particular case the criteria is to maximize the result. In the example case 
the result of "4" is the largest result and therefore the optimal result. Hence, the score of 
"4" has been labeled as a best result in Figure 9. The analysis may also be used to 
determine whether various input parameters satisfy engineering requirements. In this 
example, the engineering requirements are that the results of the analysis produce a 

25 value that is greater than 1 . Thus, the results of "2" and "4" are results that are greater 
than the threshold value. 

Other examples illustrate how the analysis may be utilized. For example, a 
desired flow rate through an intake manifold on an engine can now drive the defining 
cross section of a pipe in the intake manifold. Further, an angle of light reflectivity off a 

30 surface could be measured and captured within a feature to ultimately drive the 
curvature of the surface in the design. 

While the present invention has been described with reference to an illustrative 
embodiment thereof, those skilled in the art will appreciate that various changes in form 
and detail may be made without departing from the intended scope of the present 

35 invention as defined in the appended claims. 
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Claims 

1 . In a computer-aided design (CAD) system, a method, comprising the computer- 
implemented steps of: 
5 providing a feature-based model of an object; 

providing an analysis for acting on at least a portion of the model; 

creating at least one feature in the model that contains the analysis; and 

adding the feature to the model of the object. 

10 2. The method of claim 1 wherein the analysis is an engineering analysis. 

3. The method of claim 1 further comprising the step of performing the analysis on 
the model to yield results 

15 4. The method of claim 3 wherein the results of the analysis comprise graphical 
information. 

5. The method of claim 3 further comprising the steps of displaying the results of 
the analysis. 

20 

6. The method of claim 1 wherein the analysis is provided by the CAD system. 

7. The method of claim 1 wherein the analysis is provided by a program other than 
the CAD system. 

25 

8. The method of claim 1 wherein a user of the CAD system defines and provides 
the analysis. 

9. In a computer-aided design (CAD) system having a feature-based model of an 
30 object, a method comprising the computer-implemented steps of: 

performing an analysis on the model to yield results; 
creating an analysis feature based on the analysis and the results; 
modifying the model so that when the analysis is performed again on the 
model new results are yielded; and 
35 automatically updating the analysis feature based on the new results. 

10. The method of claim 9 wherein the analysis is an engineering analysis. 
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1 1 . The method of claim 9 wherein the analysis feature creates output and wherein at 
least some of the output of the analysis feature is changed in the automatic updating. 

5 12. A computer-aided design (CAD) system, comprising: 

an analysis for application to at least a portion of a feature-based model 
of an object to yield results; and 

a feature generator for generating features for the feature-based model, 
including at least one feature that contains the analysis. 

10 

13. The CAD system of claim 12 wherein the feature generator generates at least one 
feature capturing the results from the analysis. 

14. In a computer system, a method comprising the computer-implemented steps of: 
1 5 providing a parametric feature-based model of an object; 

providing an analysis that is applied to the parametric feature-based 
model to produce results; 

applying the analysis to the parametric feature-based model to produce 

results; 

20 based on the analysis and the results, determining whether the parametric 

feature-based model satisfies a requirement; and 

based on this determination, performing an action. 

15. The method of claim 14 wherein the analysis is incorporated into a feature of the 
25 parametric feature-based model. 

1 6. The method of claim 14 wherein the computer system includes a computer-aided 
design (CAD) package that provides the parametric feature-based model. 

30 17. The method of claim 16 wherein the analysis is user-defined by a user of the 
computer system. 

1 8. The method of claim 16 wherein the analysis is provided and applied by a 
program other than the CAD package. 

35 

19. In a computer-aided design (CAD) system that has a parametric feature-based 
model of an object, a method comprising the steps of: 
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providing an analysis that is applied to the parametric feature-based 
model wherein the analysis produces results based on at least one set of values 
for a selected set of parameters of the model; 

applying the analysis to the model multiple times to produce results, each 
5 time with different sets of values for the selected set of parameters; and 

choosing at least one of the set of values for the selected sets of 
parameters based on the results from applying the analysis to the model multiple 
times. 

1 0 20. The method of claim 19 wherein the analysis is incorporated into a feature of the 
parametric feature-based model. 

21 . The method of claim 1 9 wherein the values of the selected set of parameters that 
produces an optimal result are chosen. 

15 

22. The method of claim 19 wherein at least one of the sets of values of the selected 
parameters that produce results that satisfy a requirement are chosen. 

23. In a computer-aided design (CAD) system having a feature-based model of an 
20 object, a computer-readable medium holding computer-executable instructions for 

performing, a method, comprising the computer-implemented steps of: 
providing a feature-based model of an object; 
performing an analysis for acting on at least a portion of the model; 
creating at least one selected feature based in the analysis of the model 
25 that contains the selected feature; and 

adding the selected feature to the model of the object. 

24. The computer-readable medium of claim 23 wherein the analysis is an 
engineering analysis. 

30 

25. The computer-readable medium of claim 23 wherein the method further 
comprises the steps of performing the analysis on the model to yield results. 

26. The computer-readable medium of claim 25 wherein the results of the analysis 
35 comprise graphical information. 
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27. In a computer-aided design (CAD) system having a feature-based model of an 
object, a computer-readable medium holding computer executable instructions for 
performing a method, comprising the computer-implemented steps of: 
performing an analysis on the model to yield results; 
5 creating an analysis feature based on the analysis and the results; 

modifying the model so that when the analysis is performed again on the 
model new results are yielded; and 

automatically updating the analysis feature based on the new results. 

10 28. The computer-readable medium of claim 27 wherein the analysis is an 
engineering analysis. 

29. The computer-readable medium of claim 27 wherein the analysis feature creates 
output and wherein at least one of the outputs of the analysis feature is changed in the 
automatic updating. 

30. In a computer system having a feature-based model of an object, a computer- 
readable medium holding computer-executable instructions for performing a method, 
comprising the computer-implemented steps of: 

performing an analysis on at least a portion of the model to yield results; 
representing the results as one or more selected features in the model; and 
creating at least one new feature that references at least one of the 
selected features. 

25 31. In a computer system having a feature-based model of an object having 

parameters, a computer-readable medium holding computer-executable instructions for 
performing a method, comprising the computer-implemented steps of: 

performing an analysis on at least a portion of the model wherein the 
analysis produces results based on a set of values for a selected set of parameters 
30 of the model; 

applying the analysis to the model multiple times to produce results, each 
time with a different set of values for the selected parameters; 

choosing the values for the selected set of parameters for which the 
results from applying the analysis are optimal; and 
35 creating at least one new feature that references the optimal results of the 

analysis. 
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32. In a computer system having a feature-based model of an object, a method, 
comprising the computer-implemented steps of: 

providing an analysis for application to at least a portion of the model to 
yield results; 

5 creating a feature that references the analysis; and 

incorporating the feature into the model without incorporating the 
analysis into the model. 



10 



33. The method of claim 32 wherein the method is performed by a computer-aided 
design (CAD) system. 
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ABSTRACT 

An analysis may be represented as a feature in a feature-based model of a 
geometric object. The analysis is integrated directly into the model and may be 
5 recalculated in response to changes made to the model. Additional features may be 
created that reference the analysis feature. Likewise, the model may include features 
that reference the analysis without directly incorporating the analysis into the model as a 
feature. The analysis may be a system-defined analysis, a user defined analysis or an 
external analysis. 
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Customer Number: 000959 



Attorney's Docket No. PAS-093 

DECLARATION, PETITION AND POWER OF ATTORNEY FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention entitled 

INTEGRATION OF AN ANALYSIS INTO THE 
FEATURES OF A MODEL OF AN OBJECT 

the specification of which 

(check one) 

X is attached hereto. 

_ was filed on as 

Application Serial No. 

and was amended on . 

(if applicable) 

I do not know and do not believe that the subject matter of this application was known or 
used by others in the United States or patented or described in a printed publication in any 
country before my invention thereof, or patented or described in a printed publication in any 
country or in public use or on sale in the United States more than one year prior to the date of 
this application, or first patented or caused to be patented or made the subject of an inventor's 
certificate by me or my legal representatives or assigns in a country foreign to the United 
States prior to the date of this application on an application filed more than twelve months 
(six months if this application is for a design) before the filing of this application; and I 
acknowledge my duty to disclose information of which I am aware which is material to the 
examination of this application, that no application for patent or inventor's certificate on the 
subject matter of this application has been filed by me or my representatives or assigns in any 
country foreign to the United States, except those identified below, and that I have reviewed 
and understand the contents of the specification, including the claims as amended by any 
amendment referred to herein. 

I acknowledge the duty to disclose to the Office all information known to me to be material 
to patentability as defined in Title 37, Code of Federal Regulations, §1.56. 



CLAIM OF BENEFIT OF EARLIER FOREIGN APPLICATION(S) 



I hereby claim priority benefits under Title 35, United States Code, §1 19 of any foreign 
application(s) for patent or inventor's certificate listed below, and have also identified below 
any foreign application(s) for patent or inventor's certificate filed by me on the same subject 
matter having a filing date before that of the applications) from which priority is claimed. 

Check one: 

X no such applications have been filed. 

_ such applications have been filed as follows 



EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



Country 


Application Number 


Date of Filing 
(month ? day,year) 


Priority Claimed 
Under 35 USC 119 








Yes No _ 








_ Yes No _ 








_ Yes No _ 








_ Yes No _ 








Yes No _ 



ALL FOREIGN APPLICATION(S), IF ANY FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 
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CLAIM FOR BENEFIT OF U.S. PROVISIONAL APPLICATION(S) 



I hereby claim the benefit under 35 U.S.C. §1 19(e) of any United States provisional 
application(s) listed below. 



(Application Serial No.) 



(Filing Date) 



(Application Serial No.) 



(Filing Date) 



CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S) 



I hereby claim the benefit under Title 35, United States Code, §120 of any earlier United States 
application(s) or PCT international application(s) designating the United States listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the 
earlier application(s) in the manner provided by the first paragraph of Title 35, United States 
Code, §1 12, 1 acknowledge the duty to disclose to the Office all information known to me to 
be material to patentability as defined in Title 37, Code of Federal Regulations, §1.56 which 
became available between the filing date(s) of the earlier application(s) and the national or 
PCT international filing date of this application. As to subject matter of this application which 
is common to my earlier application(s), if any, described below, I do not know and do not 
believe that the same was known or used by others in the United States or patented or 
described in a printed publication in any country before my invention thereof, or patented or 
described in a printed publication in any country or in public use or on sale in the United States 
more than one year prior to the date(s) of said earlier application(s), or first patented or caused 
to be patented or made the subject of an inventor's certificate by me or my legal representatives 
or assigns in a country foreign to the United States prior to the date(s) of said earlier 
applications) on an application filed more than twelve months (six months if this application 
is for a design) before the filing of said earlier application(s); and I acknowledge that no 
application for patent or inventors certificate on said subject matter has been filed by me or 
my representatives or assigns in any country foreign to the United States except those 
identified herein. 



(Application Serial No.) (Filing Date) (Status) 



(patented,pending,aband.) 



(Application Serial No.) 



(Filing Date) 



(Status) 
(patented,pending,aband.) 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys 
and/or agents to prosecute this application and transact all business in the Patent and 
Trademark Office connected therewith. 



W. Hugo Liepmann Reg. No. 20,407 

James E. Cockfield Reg. No. 1 9, 1 62 

Thomas V. Smurzynski Reg. No. 24,798 

Ralph A. Loren Reg. No. 29,325 

Giulio A. DeConti, Jr. Reg. No. 3 1 ,503 

Ann Lamport Hammitte Reg. No. 34,858 

Elizabeth A. Hanley Reg. No. 33,505 

Amy E. Mandragouras Reg. No. 36,207 

John V. Bianco Reg. No. 36,748 

Anthony A. Laurentano Reg. No. 38,220 

Jane E. Remillard Reg. No. 38,872 

Jeremiah Lynch Reg. No. 17,425 

Kevin J. Canning Reg. No. 35,470 



Send Correspondence to Kevin J. Canning 
is: Lahive & Cockfield, LLP, 28 State Street, Boston, MA 02109 



Lawrence E. Monks Reg. No. 34,224 

David A. Lane, Jr. Reg. No. 39,261 

Catherine J. Kara Reg. No. 4 1 , 1 06 

Linda M. Chinn Reg. No. 3 1 ,240 

Faustino A. Lichauco Reg. No. 4 1 ,942 

Jeanne M. DiGiorgio Reg. No. 41 ,710 

Megan E. Williams Reg. No. 43,270 

Nicholas P. Triano III Reg. No. 36,397 

Peter C. Lauro Reg. No. 32,360 

Reza Mollaaghababa Reg. No. 43,810 

Timothy J. Douros Reg. No. 4 1 ,7 1 6 

John L. Welch Reg. No. 28,129 

DeAnn F. Smith Reg. No. 36,683 

William D. DeVaul Reg. No. 42,483 

at Customer Number: 000959 whose address 



Direct Telephone Calls to: Kevin J. Canning, (617) 227-7400 

Wherefore I petition that letters patent be granted to me for the invention or discovery described and 
claimed in the attached specification and claims, and hereby subscribe my name to said specification 
and claims and to the foregoing declaration, power of attorney, and this petition. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willM false statements may jeopardize the validity of the application or any patent issued 
thereon. 



Full name of sole or first inventor 
Emmanuel Gerlovin 



Inventor's signature A Date , * 



Residence 

57 Sears Road, Wayland, Massachusetts 01778 



Citizenship 
United States 



Post Office Address (if different) 
Same as Above 



Full name of second inventor, if any 




Dmitriy Shkolnik 




Inventor's signature ^ ^7 J? 


Date 






Residence 




3 Parnassus Place, Andover, Massachusetts 01810 




Citizenship 




Russia 




Post Office Address (if different) 




Same as Above 





Full name of third inventor, if any 




Jose A. Cro Granito 




Inventor's signature < ~ 


Date 


Residence 




2 Virginia Lane, Stoneham, Massachusetts, 02180 




Citizenship 
Portugal 


Post Office Address (if different) 
Same as Above 
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